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ABSTRACT 


This report comtains a set of tables of transmission and reflection 
coefficients as well as phase shift data for lossy, homogeneous dielectric 
sheets. The report supplements Report No. ADC EL-122-50, ''The Elec- 
trical Design of Lossy High-Incidence Radomes,"of 11 July 1950. It has 
been prepared for the benefit of designers who may be required to make 
a. theoretical study of :he electrica! nerformance oi a proposed radome 


cesign. 

These tables were computed by the international Business Machines 
Corporation, 530 Mauison Avenue, New York 22, New York under Navy 
Contract No. NS$23s-72065. 


er ere tres ee an ee ee ee. tate as ie mes ee ne ewe ee ee ee 


Aeronautica: Electronic and Electrical Laboratory 


REPORT NO. NADC -EL-52195 


TABUE OF CONTENTS 


Page 
ABSTRACT .. 0.0.00 0 eee ee ee te ee Hh 
LISTOF SYMBOLS... . 2. wwe ee ee ee 
INTRODUCTION... 0.000.000 05 ee eee ee ee | 
| RANGE OF VARIABLES. ..........06. 4.0448 8 
RQUATIONS FOR REFLECTION AND TRANSMISSION 
| SOEFFICIENTS OF LOSSY, HOMOGENEOUS DIELECTRIC 
| SHEETS. ..... are 2 
USE OF TABLES 4 
SPECIAL NOTE IN USING TABLES ...... 5 
| ILLUSTRATION OF USEOF TABLES. ©. 6. eS 
| 
APPLICATION OF TABLES TO COMPUT: THE RELATIVE 
| PHASE S¥2FT .. . ie Ge ah cee ee Ea cata, 
APPLICATION OF TABLES TO CO‘“APUTE THE PHASE DE- 
! LAY (O8 INSERTION PHASE SHIE oe) CREATED BY A 
| HOMOGENEOUS LOSSY DIELECTHIC SHEET . 7 
| APPLICATION OF TABLES TO COMPUTE TUE TRANS- 
MISSION AND REFLECTION COEFFICIENTS OF ANY 
MULTiL/, YER DIELECTRIC SANDWICH AT ARBITRARY 
INCIDENCE... Cee Pe 
REFERENCES. . 6.5 ba eee eee ew en 8 


TABLES OF TR¢.NS sMISSi ON AND REFLECTION COEFFI- 
CIENTS OF LOSSY, 3 jai “ENEOUS DIELECTRIC SHEETS. . 10 


FIGURE 


Lew) 


i Lessy Homogeneous Diele:tr.c P'ane Sheet . 


| a8 
i - iii- 


i 


alee oe ote: Qe en Pe (ae Fee ee, SS SS ae ed 
et ee ee Sea 


vam eae ee soem * Lee cena en oo 
ne ~ 


SRS Re tee ee ee eee ee : “4 = = 


ee te ot | I A LR RL a 


Acronaviical Electrouvic and Electrical Laboratery 


REPORT NO.  ADC-FL-52195 


| 
——— 
de. = x fé = sin* fe 
| . AV 
| L e fan 5 
2, ea 
| 2/ «€- sin4@) 
nD = 3T é€tan o 
i ren 2 
e- sin2@ 
r = Reflection ccefficient at interface cof a homogenecus dielectric 
sheet a air for an incident plane wave traveling from the di- 
electric sheet to air 
| e cos - ‘fe -: 728 
| " er ET nnnrsex-y 27 
| e cos9 + Ye - sinZ4 
| = Reflection coefficient at interface of 2 homogeneous dielectric 
sheet and air for an _acideni plane wave traveling from the di- 
| electric sheet to air for parajlel polarization 
1 eames 
| y ;~ singéQ@ - cos@ 
r = TE a 
at [ ea ; Pa 
| ae - sin2?@ +cos@ 
i] 
i ; 
) = Reflection coefficient at interface of a homogeneous dielectric 
| sheet and air for an incident plane wave traveling fror th. ii- 
electric sheet ico air for perpendicular polarization 
R = Reflection coefficient of a lossy, homogeneous dielectric pane 
shecit for an arbitrary thickness (x) and angle of inciaenc 
i c ; = 
R = | R| = ‘rhe magnitude of the retiection coefficient PB 
Ri = The phase associated with the reflection coefficient R 
R, = Reflection coegficient of a lossy, homogeneous dielectric plane 


sheet tor parallel potarization 


t 
~ 
"ej 

' 


| 
if 
I ca a it ah isa Iie 


a TT ee 


os 
| cere Nea 


pan memes 
fi 


, mee oe eh pS 


Aeronautical Electronic and Electricai Lakoratory 


= | T, | = The magnitude of the transmission coefficient T, 
it} 


REPORT NO. NADC-EL-62195 


LIST OF S¥MBOLS (continued) 
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T: ose associated with the reflection coefficient K,, 


Reflection coefficient of a lossy, hornogenecus dielectric plane 
sheet for perpendicular polarization 


oe = The maynitude of the reflection coefficient R, 


The phase associated with the reflection coefficient R, 


Transmission coefficient of a jossy, homogenecus dielectric 
.34e sheet for an arbitrary thickness (x) and angle of inci- 
Meal, . 


i = 
|T,,| = The magnitude of the transmission coefficient T,, 
The phase associate with the transmissien coefficient Th 


Transmission cso cfficient of a lossy, homogenecus dieleciric 
plane sheet for waral!<! polarization 


The phase associated with the transmiss‘on coefficient Thy 
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LIST OF SYMBOLS (continucd) 


Th, - T},,, = Relative phase shift between the perpendicuiar 
and paralli components of the transmitted wave 


Phase delay (insertion phase shift, or insertion phase difference) 
created by a std homogeneous di ‘ectric plane shect for per - 


pendicular pciarizaticon 

Phase delay (insertion phase shift, or insertion phase diff>. ence) 
created by a iossy, home gencous, dielectric plane sheet for par-~- 
aliel polarization 


Dielectric constant of dielectric sheet 


Angie of incidence or angle between the inciaeat r.~ and the 
nermal to the panel surface at the p.'** of intersection 


Free space wavelength 
ama /e- sin2§ 

d 

S: 


Any complex number or vector quantity 


Z = ZeJ4 = Z/Z' = Z exp.(jZ"), 


IZ! = the magnitude of Z and 

the phase angle of Z. 
This notation is used consistently through. ‘he report. 
The subscript 1 refers to perpendicular polarization, and ire 
sxbscript « refers to parallel polarization. 
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T™TRCODUCTION 


This report contains tables cf transmission and reflection coeffi- 
cients and phase shiit data of lossy, homogeneous dielectric sheets. The 
tables are based on <quations (1) to (4) inclusive, page 2. ferivations 
uf these equations appear in reference (a). 


Design of Lossy High-Incidence Radcmes," reference (b}. it tias been 
prepared for the benelit of designers who may be required to determine 
the electrical performance of a proposed radome design. These tables 
should also be a: valie to engineers and physicists doing work oz: cptical 
theory and design, electromagnetic tieory, radar, irdumes (plastic haus- 
ings for infrared transmitting or receiving equipment), and propagation. 


; . ; Vas 9 
In tnese table ‘he quartities Ty, Th , IT), R, R°, and R' are com- 
‘uted as 2 function oi d., with P and » as parameters. For definitions of 


| This repori suppiements Report No. ANC EI.-123-50, "Slectrical 
! 
| 
i 
| 
| these symbol. see page iv. 
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RANGE OF VARIABi:“&S 


d, = 0.05, 0.15, 9.25, 0. 35, 0.45, 0.50, 0.55, 2.65, 0.75, 0.85, 0.95, 
1.00, 1.95, 1. 15, 1.25, 1.35, 1.45, and 1.50 (19 values) 
r = OQ te 0.99, in steps of 0.01 (100 values) 
and 
P = 0.06C0, 0.0050, and 0.0106 (3 vaiues} 
EQUATIONS FOR REFLECTION AND 
TRANSMISSIGN COEFFICIENTS OF 
LOSSY, HOMOGENEOUS DIELECTRIC SHEETS 
she equations used for computing these tables are as follows: 
hk a pipe a 2 [1 - exp.{-2yL + 2i)] 14) 
i - r2exp.(-2pL + 2jy) oy. 
and 
= me. 
ae = Th/Th = a r gio ale yL + jy) ‘ (2) 
a 1 - cr exp.(-2yL + 2j) 
where 


(3) 


L = ¢tans ‘ 
2(e - sin2@) (4) 
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USE OF TABLES 


‘Te use the tables in this report, the fuliowing iniv: mation must be 
gives 


e , tand, @, and x/d 
Step 1 


Compute dg and P by means of equations (5), (6), and (7). 
ds = a M (5) 


and 


where 


M = Ve -sin2Q. (7) 


These computations may be facilitated by looking up the quantities M and 
e /M2@ in reference (c) for the given values of 8 and «. Also look up Pi 
an‘ir, in reference (c} for the given values of 9 and e. 


Sten 2 


J.orate in che tables of wis vepert the c 


R, R2, and R' for the given values of d 
s 


a 
s P, tm, andr, . Select the 
nearest raiue of P and r in the table d 


and interpolate for dg. 


pendicular polarization let r = r, and for parallel polariza- 


It is adv.sable that the data in these tables he nlatted in the form of 
cures, Similar to those of reference (b), for particular radome. design 
problems. 
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SPECIAL NOTE IN USING TABLES 


These tables ars cor: ect for all va..es of r>0. However, in cases 
where r, < 0, R° ould be adjustec .o read 


R, = Ri (antables) +7. 


Given: 
€ a es 
tan8 = 0.005 
Oo = 20° 
and 
x/h = 0.4 
To find: 


T2, T!,, R2 and R' 
for both perpendicular and parallel polarizations. 
Step 1. 


For « = 1.2 and 6 < 25°, 


M = Ye - sin2@ = 0.97468 


and 


e /M2 = 1.2632 from reference (c). 


From equation (5), 


ds = x = (0.4) (0.97468) = 0.390 
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From equation (6), 


Also, for ¢ = 1.2 and @ = 30°, 
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Step 2 


For d, = 9.390, P = 
from these tables: 


For perpendicular polarization 


a ms = Veou 
ny 

To = 45 
ny 


For ds = C.599, a Bee 
izom these tables: 


For paratiel polarization 


Z = 0.99 
Th, = 2.48 
R2, = 0.002 


RY, = 4.01 


The error introduced by using P 


negligible. 


ana 7. 


= 0.0321 from reference (c)}. 
N 


0.005, and r, = 0.06, the fotiowing is obtained 


= 9.03, the fellowing is obtained 


= 0.005 instead of P = 0.00632 is 
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APPLICATION OF TABLES TO 
COMPUTE THE RELATIVE PHASE SHIFT 


The relative phase shift between the perpendicular and parallel 
components of the transmitted wave is given by the equation 


A= Th, - Tha (8) 


The relative phase shift (A) is used in computing the effective power 
transmission coeffi et of a differential area of a curved radome. A 
discussion of the use of the effective power transmission coefficient in 
radome design is given in references (a} and (b). For a definition of 

“effective power transmission coefficient" see page 135 of reference (b). 


APPLICATION GF TABLES TO COMPUTE THE PHASE 
DELAY (OR INSERTION PHASE SHIFT) CREATED BY 
A HCMOGENEOUS, LOSSY DIELECTRIC PLANS SHEET 


A useful application of these tables is the calculation of the phase 
delay ‘insertion phase shift, or insertion phase difference) created by a 
nomogeneous, lossy dielectric ee Sheet, including the effects of mu!- 
tiple reflections in the sheet. Phase retardation data is important i ae- 
termining the pattern distortion and beam defiections introduced by ra- 
domes. 


Perpendicular polarization 


The phase delay created by a homogeneous lossy solid dielectric 
sheet, for perpendicular polarization, is given by 


Ap, = Th, = 2% coe @. (9) 


Parallel polariza‘ion 


For parallel polarization, the equations are identical except for the 
subscripts. 


A? | =T . + cos@. (10) 
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APPLICATION GCF TABLES TO COMPUTE THE 
TRANSMISSION AND REFLECTION COEFFICIENTS OF 
ANY MULTILAYER DIELECTRIC SANDWICH AT 
ARBITRAPY I:°CIDENCE 


Another uSefui application of these tabics is the calculaticu of the 
transmission and reflection coefficients of mult*’>- er plane “electric 
sheets at arbitrary incidence by means of the n. «od outlined in Report 
No. NADC EL-5293, reference (a). in reference (da), general equations 
for multilayer dielectric sandwiches were developed in terms of trans- 
mission and reflection coefficients of the individual layers taken as solid 
laminates in air, and hence are obtainable from these tables. The eyua- 
tions in reference (d@}, and the iabies in this report may aiso be used i: 
compute the transmission and reflection cuefficieni: of glasses and 
plastic matexials covered by optical coatings. 
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TABLES OF TRANSMISSION AND REFLECTION COEFFICIENTS OF 
LOSSY, SOMOGENEOUS DIELECTRIC SHEETS 
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